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VXSSRUW,QDQDWWHPSWWREHWWHUXQGHUVWDQGWKHELRPHFKDQLFVRIRUWKRGRQWLFWRRWKPRYHPHQWDQXPEHURIPHWKRGV
ZHUHXVHGWRSUHGLFWWLVVXHUHDFWLRQVFDXVHGE\RUWKRGRQWLFSUHVVXUHVXFKDVSKRWRHODVWLFDQDO\VLVH[SHULPHQWDO
DQLPDOVWXGLHVPDWKHPDWLFDOPRGHOVODVHUKRORJUDSK\DQGWKH)LQLWH(OHPHQW0HWKRG)(0
)(0 KDV EHHQ VXFFHVVIXOO\ XVHG IRU VHYHUDO \HDUV LQ HQJLQHHULQJ DQG LW XVHV WKH FRPSXWHU LQ VROYLQJ FHUWDLQ
V\VWHPVZLWKD ODUJHQXPEHURIHTXDWLRQVLQRUGHUVWRGHWHUPLQHWKHWHQVLRQVDQGWKHGLVSODFHPHQWVRQWKHEDVLVRI
WKH SK\VLFDO SURSHUWLHV RI DQDO\]HG VWUXFWXUHV > @ ,Q RUWKRGRQWLFV WKH PRVW LPSRUWDQW DGYDQWDJH RI )(0 LV
UHSUHVHQWHGE\WKHDELOLW\RILQFOXGLQJWKH KHWHURJHQHLW\RIWKHGHQWDOSHULRGRQWDOVWUXFWXUHVDQGWKHLUUHJXODULW\RI
WKHGHQWDOFRQWRXULQGHVLJQLQJRIWRRWK
/LNHZLVH LQ RUGHU WR KDYH D FRPSHWHQW DQG ULJRURXV DQDO\VLV WKH )(0 DOORZV WKH DSSOLFDWLRQ RI SUHVVXUH LQ
GLIIHUHQWGLUHFWLRQVDQGZLWK GLIIHUHQWLQWHQVLWLHVDWDQ\VSRWRIWKHGHYHORSHGPRGHO
,QWKHGHQWDOILHOG)(0LVXVHGWRLQYHVWLJDWHDQXPEHURISUREOHPVUHODWHGWRWRRWKVWUXFWXUHELRPDWHULDOVDQG
UHVWRUDWLYHPDWHULDOVGHQWDOLPSODQWVDQGURRWFDQDOV >@
7KH SXUSRVH RI WKLV SDSHU LV UHSUHVHQWHG E\ WKH HYDOXDWLRQ RI WKH ELRPHFKDQLFDO UHDFWLRQV VWUHVV DQG
GLVSODFHPHQWVDIWHUDSSO\LQJKRUL]RQWDOIRUFHVRQWKHWHHWKZLWKGLIIHUHQWOHYHOVRIDOYHRODUERQHORVV
 0DWHULDODQGPHWKRG
&RPSDUDWLYH VWXGLHVFRQFHUQLQJ WKHYDOXHVRI VWUHVVDQGGLVSODFHPHQWV DIWHUDSSO\LQJKRUL]RQWDO IRUFHVRQ WKH
WHHWKZLWKGLIIHUHQWOHYHOVRIDOYHRODUERQHORVVKDYHEHHQFDUULHGRXW
7KUHHRIWKUHHGLPHQVLRQDOPRGHOVZHUHFUHDWHGIRUWKHXSSHUFHQWUDOLQFLVRUWKHVHZHUHDGDSWHGWRWKHJUDGXDO
UHGXFWLRQRIDOYHRODUERQH7KHVLPXODWHGFDVHVFRUUHVSRQGWRFOLQLFDOVLWXDWLRQVZLWKDQDOYHRODUERQHUHGXFWLRQRI
DQGPP)LJ 7KHWKUHHGLPHQVLRQDOPRGHOVGHYHORSHGDUHLGHQWLFDOZLWKWKHH[FHSWLRQRIWKHKHLJKWRI
WKHDOYHRODUERQHZKLFKJHQHUDWHVGLIIHUHQWJHRPHWULFFRQILJXUDWLRQV
7KHPRGHOOLQJWKHXSSHUFHQWUDOLQFLVRUZLWKWKHKHOSRIWKH$/*25ILQLWHHOHPHQWDQDO\VLVSURJUDPDQGGHVLJQ
ZDVDFFRPSOLVKHGWKURXJK WKHPRGLILFDWLRQDQGWKHFRQVWUXFWLRQRIWKHWRRWKRIWKHSHULRGRQWDOVSDFHDQG RIWKH
VXUURXQGLQJDOYHRODUERQHDFFRUGLQJWRGLPHQVLRQVDQGPRUSKRORJLFDOGDWDIURPVSHFLDOL]HGWH[WERRNV7KXVLWZDV
DOVR WDNHQ LQWR DFFRXQW WKH WLOW RI WKH WRRWK D[LV E\  GHJUHHV DQG ZLWKLQ WKH YHUWLFDO SODQH RI WKH WRRWK VRPH
KRUL]RQWDO SODQHV ZHUH FUHDWHG E\ PRGHOOLQJ DW D OHYHO RI WKH WKUHH HOHPHQWV RI VWUXFWXUH WRRWK SHULRGRQWDO
OLJDPHQWDOYHRODUERQHFRUUHVSRQGLQJWRWKHUHVRUSWLRQGHJUHHRIWKHDOYHRODUERQH >@
)LQLWH WKUHHGLPHQVLRQDO WHWUDKHGUDO RU EROW HOHPHQWV ZHUH XVHG 7KH ERXQGDU\ FRQGLWLRQV LPSRVHG RQ DOO
SHULSKHUDO QRGHV RI WKH DOYHRODU ERQH DUH FRQGLWLRQV RI QXOO GLVSODFHPHQWV %HWZHHQ QRGHV RI WKH HOHPHQWV
FRPSRVLQJ WKH WRRWK  SHULRGRQWDO OLJDPHQW  DOYHRODUERQHDJJUHJDWH WKHUHZHUHFRQQHFWLRQVPDGH WKURXJKJDS 
W\SHFRQWDFWHOHPHQWV7KHORDGLQJRIWKHPRGHOZDVGRQHWKURXJKQRGDOIRUFHVRIYDULRXVDPSOLWXGHDQGGLUHFWLRQV
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VKLIWLQJLQWKHDOYHRODUERQHIRUGLIIHUHQWIRUFHYDOXHV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&RPSDULQJ WKHYDULDWLRQRI VWUHVV LQ WKHDOYHRODUERQH IRUD WRRWKZLWKRXW UHVRUSWLRQZLWKD VWUHVV YDULDWLRQ LQ
ERQHIRUDWRRWKZLWKUHVRUSWLRQUHJDUGOHVVRIWKHGHJUHHRIUHVRUSWLRQZHKDYHIRXQGWKDWVWUHVVYDOXHV DUHPXFK
KLJKHULQ WKHWRRWKZLWK UHVRUSWLRQ7DEOH)LJ)LJ 
 9DULDWLRQRIPRYHPHQWV LQWKHDOYHRODUERQH
:H KDYH IRXQG WKDW VLPLODU SKHQRPHQRQ RFFXU ERWK IRU WKH WRRWK ZLWKRXW UHVRUSWLRQ DV IRU WKH WRRWK ZLWK
UHVRUSWLRQ LUUHVSHFWLYH RI WKH YDOXH RI WLSSLQJ RUWKRGRQWLF IRUFHSUHVVXUH 7DEOH  )LJ  )LJ  7KH VKLIWLQJ
PRYHPHQWVDUHZLGHUDWWKHOHYHORIWKHPDVVZLWKWKHJUDGXDOGHFUHDVHWRZDUGVWKHDSH[,QDOOFDVHVWKHVKLIWLQJ
YDOXHVDUHKLJKHULQWKHSDODWDOIDFH3WKDQWKHYHVWLEXODUVLGH9
6KLIW YDOXHV LQFUHDVH ZLWK WKH LQFUHDVHRI WKH WLSSLQJRUWKRGRQWLF IRUFH6KLIW YDOXHV LQFUHDVH LQ WKH WRRWKZLWK
UHVRUSWLRQFRPSDUHGWRWKHWRRWKZLWKRXWUHVRUSWLRQDVWKHUHVRUSWLRQOHYHOLVLQFUHDVHG
7DEOH6WUHVVDQGGLVSODFHPHQWVGLVWULEXWLRQRQDOYHRODUERQH
)RUFH 5HVRUSWLRQ 0D[LPXPYDOXHVRI
FRPSUHVVLRQVWUHVVDW
WKHDSLFDOOHYHO
0D[LPXPYDOXHVRIWKHGLVSODFHPHQWVDWWKHFHUYLFDOOHYHO
3DODWLQDOVLGH3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9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7KH UHVXOWVREWDLQHGDIWHUFRPSXWHU VLPXODWLRQXVLQJ WKH)LQLWH (OHPHQW0HWKRGHPSKDVL]H WKHGLVSODFHPHQWV
GLVWULEXWLRQRQWKHWRRWKSHULRGRQWDOOLJDPHQWDOYHRODUERQHHQVHPEOH$OYHRODUERQHORVVOHDGVWRDQLQFUHDVHRIWKH
RUWKRGRQWLFGLVSODFHPHQWYDOXHV
7KHVWUHVVGHSHQGLQJRQ WKHIRUFHGLUHFWLRQ LQFUHDVHVJUDGXDOO\ZLWKDOYHRODUERQH ORVVERWKRQ WKHDSLFDODQG
FHUYLFDOOHYHO7KHORVVRIDOYHRODUERQHORZHUVWKH FHQWUHRIWRRWKUHVLVWDQFH DQGPRGLILHVWKHVWUHVVGLVWULEXWLRQDW
WKHDSH[
7KHYDOXHVRIVWUHVVDQGGLVSODFHPHQWV LQFUHDVHSURJUHVVLYHO\DORQJZLWK WKH LQWHQVLW\RI WKHDSSOLHGIRUFHDQG
ZLWKWKHGHJUHHRIDOYHRODUERQHUHVRUSWLRQ
&RPSDULQJ WKH ELRPHFKDQLFDO UHDFWLRQV LQ WKH VWXGLHG VLPXODWLRQ FDVHV ZH QRWLFHG WKH LQWHQVLILFDWLRQ RI WKH
SKHQRPHQDWKDWRFFXULQWKHSUHVHQFHRIDOYHRODUERQHUHVRUSWLRQ
$FNQRZOHGJHPHQWV
7KLV ZRUN KDV EHHQ GHYHORSHG ZLWKLQ WKH SURMHFW  IXQGHG E\ WKH 8QLYHUVLW\ RI 0HGLFLQH DQG
3KDUPDF\RI7vUJX0XUHú5RPDQLD
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